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Abstract 
The Aquistore Project, located near Estevan, Saskatchewan, is one of the first integrated commercial-scale CO2 
storage projects in the world that is designed to demonstrate CO2 storage in a deep saline aquifer. Starting in 2014, 
CO2 captured from the nearby Boundary Dam coal-fired power plant will be transported via pipeline to the storage 
site and to nearby oil fields for enhanced oil recovery. At the Aquistore site, the CO2 will be injected into a brine-
filled sandstone formation at ~3200 m depth using the deepest well in Saskatchewan. The suitability of the 
geological formations that will host the injected CO2 has been predetermined through 3D characterization using 
high-resolution 3D seismic images and deep well information. These data show that 1) there are no significant faults 
in the immediate area of the storage site, 2) the regional sealing formation is continuous in the area, and 3) the 
reservoir is not adversely affected by knolls on the surface of the underlying Precambrian basement. Furthermore, 
the Aquistore site is located within an intracratonic region characterized by extremely low levels of seismicity. This 
is in spite of oil-field related water injection in the nearby Weyburn-Midale field where a total of 656 million m3 of 
water have been injected since the 1960`s with no demonstrable related induced seismicity.  
 A key element of the Aquistore research program is the further development of methods to monitor the security and 
subsurface distribution of the injected CO2. Toward this end, a permanent areal seismic monitoring array was 
deployed in 2012, comprising 630 vertical-component geophones installed at 20 m depth on a 2.5x2.5 km regular 
grid. This permanent array is designed to provide improved 3D time-lapse seismic imaging for monitoring 
subsurface CO2. Prior to the onset of CO2 injection, calibration 3D surveys were acquired in May and November of 
2013. Comparison of the data from these surveys relative to the baseline 3D survey data from 2012 shows excellent 
repeatability (NRMS less than 10%) which will provide enhanced monitoring sensitivity to smaller amounts of CO2. 
The permanent array also provides continuous passive monitoring for injection-related microseismicity. Passive 
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monitoring has been ongoing since the summer of 2012 in order to establish levels of background seismicity before 
CO2 injection starts in 2014. Microseismic monitoring was augmented in 2013 by the installation of 3 broadband 
seismograph stations surrounding the Aquistore site. These surface installations should provide a detection 
capability of seismic events with magnitudes as low as ~0.  
 Downhole seismic methods are also being utilized for CO2 monitoring at the Aquistore site. Baseline crosswell 
tomographic images depict details (meters-scale) of the reservoir in the 150-m interval between the observation and 
injection wells. This level of resolution is designed to track the CO2 migration between the wells during the initial 
injection period. A baseline 3D vertical seismic profile (VSP) was acquired in the fall of 2013 to provide seismic 
images with resolution on a scale between that provided by the surface seismic array and the downhole tomography. 
The 3D VSP was recorded simultaneously using both a conventional array of downhole geophones (60-levels) and 
an optical fibre system. The latter utilized an optical fiber cable deployed on the outside of the monitor well casing 
and cemented in place. A direct comparison of these two methodologies will determine the suitability of using the 
fiber cable for ongoing time-lapse VSP monitoring. 
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1. Introduction 
The Aquistore CO2 storage site is located in southeastern Saskatchewan, Canada near the city of Estevan (see [1] 
for location map). Aquistore is one of the first commercial-scale CO2 storage projects in the world that is designed to 
demonstrate CO2 storage in a deep saline aquifer. A key component of the project is the further development, testing 
and demonstration of monitoring technology. Here we provide a brief overview of geophysical site characterization 
and the results of baseline measurements that have been conducted to date.  Further details of the site 
characterization and monitoring program can be found elsewhere [1, 2]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 1Aquistore site  map showing area of 3D seismic survey, permanent geophone array. 
Green lines: passive monitoring geophones. Red line: CO2 pipeline. Blue circles: injection 
and monitor wells. 
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2. Site characterization 
2.1. Regional geology and seismotectonics 
The Aquistore site is located within the intracratonic Williston Basin which comprises sedimentary strata 
deposited from the Late Cambrian to the Late Cretaceous. The Precambrian basement beneath the basin was 
variably subjected to fault activity during deposition of sediments, and thus affected depositional patterns and 
possibly salt-dissolution within the basin. Topographic relief on the Precambrian surface directly influenced the 
resultant thickness of the basal sandstone sequences. The southern portion of the Williston Basin has been identified 
as an excellent geological area to permanently store CO2 due to the large number of saline aquifers present. 
 
The Aquistore storage reservoir is a ~150 m thick interval at 3200 m depth which includes the Cambro-
Ordovician Winnipeg and Deadwood formations which lie unconformably above the Precambrian basement. The 
Icebox shale member of the Winnipeg formation constitutes the caprock to the reservoir and the Middle Devonian 
Prairie Evaporite forms the principal regional seal. The Prairie Evaporite is an aquitard having a maximum thickness 
of 200 m in this area. Significant thinning of this unit is observed in places where carbonate mounds occur in the 
underlying formation or where the evaporite has been subject to post-depositional dissolution. The possible thinning 
of either/or both the Prairie Evaporite (regional seal) and the reservoir interval were primary concerns in establishing 
the suitability of the Aquistore site for long-term CO2 storage.  
 
Southeastern Saskatchewan lies within an intraplate seismotectonic zone and is a region of very low level 
seismicity. Reactivation of Precambrian basement faults has been suggested as the likely source of naturally 
occurring seismicity in the area [3].The largest known earthquake (Mb=5.5) from the area occurred in 1909 [3], with 
an epicenter located approximately 200 km west of Estevan [4]. This location falls on a trajectory of  earthquake 
epicentres that correlate with known fault systems (e.g., Hinsdale, Weldon-Brockton-Froid) placing the nearest fault 
system with associated seismicity 200 km to the west of the storage site. Most of the seismicity in the area can be 
related to industrial activities. A link has been established between potash mining operations and two earthquakes 
having magnitudes 2.3 and 3.0 [5]. Oil-field related water injection has been ongoing in the Weyburn-Midale field 
to the NW of the Aquistore site since the 1960`s with no demonstrable related induced seismicity. Total oil field 
water injection exceeds 656 million m3.  
2.2. 3D seismic characterization 
A 30 km2 high-resolution 3D seismic survey was conducted at the Aquistore site in 2012 with the objective of 
providing the lithostratigraphic framework covering an area comparable to the expected areal extent of the CO2 
plume. The specific objectives were to: 1) map the regional continuity of the Prairie evaporite and determine 
whether there are regions affected by dissolution, 2) map the structure of the basement and overlying sedimentary 
section, 3) identify potential pathways for vertical migration of fluids (e.g., vertical faults, chimney collapses), and 
4) map the continuity and potentially the quality of the storage reservoir. 
 
A vertical slice through the 3D seismic cube is shown in Figure 2. Reflections corresponding to the sedimentary 
column are generally continuous across the area and dip gently to the SW at ~1-2◦. The reservoir interval (Res) is 
observed toward the base of the section and the top of the Prairie Evaporite (PE) occurs at ~1600 ms. The following 
can be observed: 1) The reservoir seal (top of Winnipeg Formation) and the top of the primary regional seal (top of 
Prairie Evaporite) are continuous across the region and show no evidence for vertical offsets. 2) The Prairie 
Evaporite has a thickness of ~150 m across the section. 3) The Precambrian basement shows only subdued relief 
across the section and thus has little effect on the thickness of the overlying reservoir. 4) The reservoir interval is 
continuous and is ~150 m thick. 5) There are no vertical offsets observed in the Paleozoic section that might be 
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indicative of major faults. Further details regarding the lithostratigraphic framework from the 3D seismic 
interpretation and from the analysis of core samples, well logs and injection tests can be found in [1]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3. Seismic monitoring 
3.1. 3D time-lapse monitoring using a sparse surface array 
A sparse permanent array comprising 630 geophones buried at a depth of 20 m has been deployed at the 
Aquistore site. Sparse meaning that the number of geophones (and/or shots) deployed per unit area over the survey 
area is significantly reduced as compared to a state-of-the-art 3D seismic survey. The array is deployed over an area 
of 2.5 x 2.5 km (see Figure 1). Use of this array for time-lapse monitoring should provide some significant 
advantages both technically and operationally. Technically, the deployment of buried permanent sensors should 
enhance data repeatability by reducing the effects of the near-surface layer which is subject to seasonal variations, 
by eliminating inter-survey positioning errors, reducing differences in geophone coupling, and potentially improving 
data signal-to-noise ratio. These aspects of the array have been demonstrated in the analysis of two pre-injection 3D 
baseline surveys [6, 7] where nRMS values of less than 10% have been achieved for the 3D seismic difference 
volumes.  Furthermore, the improved sensitivity provided by the permanent array should allow the detection of CO2-
saturated zones as thin as 5-10 m at the reservoir depth [6].  Operationally, the use of a sparse permanent array also 
provides certain benefits including: 1) minimizing equipment mobilization costs for multiple surveys, 2) dual-
purpose use of the geophones (i.e., controlled-source surveys and passive monitoring), 3) minimizing the 
deployment effort, amount of equipment and related data processing effort, and 4) accommodating flexible, on-
demand surveys with source effort customized to survey objectives. 
Figure 2 Vertical section from the 3D seismic volume acquired for 
site characterization. Section is oriented south (left) to north (right). 
4422   D.J. White et al. /  Energy Procedia  63 ( 2014 )  4418 – 4423 
3.2. Passive seismic monitoring 
50 stations of the spares permanent array have been operated continuously (with intermittent shutdowns) since 
2012 with the objective of characterizing the background seismicity prior to the start of CO2 injection in 2014. The 
active stations are located along two orthogonal lines as shown in Figure 1. In addition, 3 broadband seismograph 
stations have also been deployed within several kilometers of the site to help in the discrimination of regional 
events, to provide real-time event detection capability, and to aid in the calculation of accurate magnitudes for any 
local seismic events.  These surface installations should provide a detection capability of seismic events with 
magnitudes as low as ~0. An example of a local event detected on the permanent array is shown in Figure 3.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.3. 3D time-lapse vertical seismic profiling 
3D vertical seismic profiles (VSPs) will also be used for the purposes of tracking the CO2 plume in the 
subsurface. 3D VSPs provide the ability to acquire higher resolution images of the reservoir within 500 m of the 
observation well where the VSP geophones are deployed. These images complement the surface-based 3D seismic 
images that cover a much larger area. Both 3D surface and 3D VSP surveys are acquired simultaneously by 
recording the same dynamite source points with the permanent surface array and geophones deployed in the 
observation well.  
A baseline 3D VSP was acquired in November, 2013. For this purpose, 683 dynamite shots  deployed over a ~3 x 
3 km2 grid were detonated and recorded using a 60-level 3-component array of geophones clamped in the 
observation well over the depth interval of 1470 m to 2355 m. Additionally, these same shots were recorded using a 
distributed acoustic sensing (DAS) cable [8]. The fiber optic cable used for this purpose was permanently installed 
and cemented behind casing when the observation well was completed. DAS data were recorded using both single 
mode fiber and multimode fiber which is more typically used for distributed temperature sensing (DTS). The 
potential advantage afforded by DAS recording as compared to the 60 level geophone array used in this survey is an 
increase in spatial sampling by an order of magnitude: i.e., DAS provides recording at 1-2 m intervals over the entire 
length of the fiber (0-2800 m) whereas the geophone array provides 15 m sampling over the 1470 to 2355 m 
interval. The compromise with existing DAS systems as compared to multi-component geophone arrays is that they 
have lower sensitivity and do not provide all components of particle velocity.  
Figure 3 Local seismic event identified on the 50-geophone passive seismic array. 
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3.4. Crosswell seismic tomography 
The highest resolution seismic images of the reservoir are provided by crosswell tomography. These images are 
limited to the 150 m-wide zone between the injection and monitoring wells, but are capable of providing details on 
the order of meters. The first crosswell seismic survey was acquired in March, 2013 with the intent that it would 
form the basis for subsequent time-lapse imaging. The follow-up monitor survey is planned for 30-days after the 
start of CO2 injection. The objective of this survey is to provide details of how the CO2 initially spreads within the 
reservoir. 
Acknowledgements 
The Aquistore Project is managed by the Petroleum Technology Research Centre, Regina. SaskPower provides 
access to the storage site and provides logistical support for monitoring activities. Silixa acquired the DAS data with 
financial support from Chevron and USDOE (through Lawrence Livermore National Lab). Schlumberger acquired 
the initial 3D seismic data, the crosswell seismic data and the VSP geophone data. Tesla Exploration conducted the 
shooting for the permanent array and VSP surveys and Geospace Technologies supplied the permanent array 
equipment. This work has benefited greatly from funding provided by Natural Resources Canada. 
References 
[1] Rostron B, White D, Hawkes C, Chalaturnyk R. Characterization of the Aquistore CO2 project storage site, Saskatchewan, Canada. Proc 12th 
Int GHGT Conf, Energy Procedia 2014; this volume. 
[2] Worth K, White D, Chalaturnyk R, Sorensen J, Hawkes C, Rostron B, Johnson J. Aquistore project measurement, monitoring and 
verification: from concept to CO2 injection. Proc 12th Int GHGT Conf, Energy Procedia 2014;  this volume. 
[3] Bakun WH, Stickney MC, Rogers GC. The 16 May 1909 Northern Great Plains Earthquake. Bull. Seis Soc Am 2011; 101;  3065-3071. 
[4] Horner RB, Hasegawa HS. The seismotectonics of southern Saskatchewan. Can J Earth Sci 1978; 15; 1341-1355. 
[5] Gendzwill DJ, Horner RB, Hasegawa HS. Induced earthquakes at a potash mine near Saskatoon Canada, Can J Earth Sci, 1982; 19; 466-475. 
[6] Roach LAN, White DJ, Roberts B. Assessment of 4D seismic repeatability and CO2 detection limits at the Aquistore CO2 Storage Site. 
Submitted to Geophysics 2014. 
[7] White DJ, Roach LAN, Roberts B. Improved time-lapse seismic performance using a sparse permanent seismic array: Experience from the 
Aquistore CO2 Storage Site. Submitted to Geophysics 2014. 
[8] Daley TM, White D, Miller DE, Robertson M, Freifeld, BM, Herkenhoff F, Cocker, J. Simultaneous acquisition of distributed acoustic 
sensing VSP multi-mode  and single-mode fiber optic cables and 3C-geophones at the Aquistore storage site. SEG Int Exp 2014, Expanded 
Abstracts; 4p. 
 
 
